Ever since the time of Hippocrates physicians have believed that mental illness had its origin in disordered metabolism. Certain kinds of humors in the blood were said to be directly related to specific forms of mental illness and practically all methods of therapy included the elimination of what we now regard as hypothetical toxic substances. The revelations of the microscope and the contributions of those chiefly interested in psychogenesis have tended during the past half century to obscure the evidence of morbid physiological processes in personality disorders. Even in recent decades in the effort to dispose of the useless contrast of body and mind there has been a tendency to dwell too long with the concept of total psychobiological integration rather than to seek a better understanding of this total complexity through more intensive studies of its component integrations.
A few investigators have continued to study the effect of toxic substances which contribute to personality disorder and the influence of toxic factors has been frankly acknowledged in the descriptions of toxic-infectious-exhaustive psychoses.
Nevertheless there has been a tendency to minimize the importance of toxic factors and this has been accentuated by the suggestions of those who have failed to comprehend the complexity of total personality reactions.
The many indications of physiological disorders in acute schizophrenia and especially in catatonia 1 have invited special attention to this form of illness. Pharmacodynamic and vegetative reflex tests have led to the conclusion that there is a state of atony in the neurovegetative system.* Clinical experience shows that the acute catatonic patient suffers from intense and painful emotional 1. Claude reactions and it has shown that even such a crude test as basal metabolism reflects the morbid emotional state in this illness2 Other laboratory investigations have demonstrated retardation in glucose metabolism, ~ and low oxygen content in the blood, 5 as well as hypertonicity and hypomotility of the digestive system2
In this communication attention will be called to another method of studying this illness. On the basis of reactions observed in animals, following the administration of certain toxic substances an attempt will be made to draw some further conclusions regarding the nature and causes of acute catatonia. The experiments to be reported are supplementary to those of de Jong who for more than 10 years has been studying catatonia induced by bulbocapnine in animals/ For several months I had the privilege of working in his laboratory in the neurological clinic of Professor Brouwer of Amsterdam and some of the studies of experimental catatonia have already been reported. 8 The reproduction experimentally of practically all of the motor phenomena of human catatonia by means of bulbocapnine suggested the need of ascertaining the effects of other toxic substances in order to obtain further hints regarding the nature of possible metabolic toxic-agents elaborated in human beings. Very early in these investigations it was learned that the catatonic response was obtained only within a certain range of dosage an.d that certain mammals such as the mouse, the cat and the monkey were most suitable for these experiments.
Although experiments were performed on many different animals representing the various stages in evolution only the exam- ples of the most favorable responses will be reported. This applies as well to the reactions obtained from each toxic substance tested but it must be remembered that the dose was increased in each succeeding experiment in order to determine the amount necessary to obtain these optimum results. As a standard for comparison a few of the more characteristic reactions to bulbocapnine will be given. Head greatly hyperextended.
Sitting with eyes partially closed, head hyperextended. Picked at by control bird--aroused. Vomiting movements. Sits with one wing extended---easily aroused. Slight quivering of wings. Less active than normal even when stimulated--will not do more than hop. After repeated stimulation quivering of both wings. Sits with eyes closed. Wings quivering. Same. Less active than normal--sits with eyes closed but when approached by stick flies away--then immediately resumes quiet, sitting posture with eyes closed. Sitting crouched in corner of cage---eyes closed. Hopping about---picking up seeds. Drinking. Apparently normal, flying about actively, quite alert~ eating and drinking.
Cessation of bodily movements and drowsiness appear soon after bulbocapnine injection. The behavior observed is similar to that of the normal bird when placed in a dark room. The condition is different from that of sleep, however, since it occurs in bright daylight, without the preliminary groping about shown by the normal bird in darkness before settling down. When a bird is only mildly intoxicated it responds to stimuli by making attempts to escape whereas the sleeping bird does little but maintain equilibrium. The normal bird gradually resumes its usual activities with increasing illumination while the behavior of the injected bird remains essentially unchanged.
While a bird is mildly intoxicated it is attacked by a normal bird and makes no defense. Awkward positions are not assumed spontaneously but within certain limits of intoxication they may be imposed provided that the bird is handled gently and has not been excited by more potent stimuli.
Passive negativism or automatic resistance to being pushed is often fairly well developed but it is sometimes difficult to .dissociate this from the ever present tendency to maintain equilibrium. Occasionally there is a suggestion of active negativism or a movemerit in the direction opposite to that of the pressure exerted by the experimenter.
Muscular tension increases in proportion to the degree of intoxication. Passive movements are therefore opposed by an increased resistance and spontaneous movements tend to become slower and more mechanical.
While the bird is intoxicated it manifests no interest in food or water. Even when its beak is forced into water the bird makes no attempt to swallow but instead shakes its head as though trying to .dislodge an unpleasant substance.
When doses larger than those suitable for the induction of a catatonic state are injected, the manifestations of intoxication change accordingly. Muscular tension increases, posture changes from a flexed type to one of hyperextension, and there is a predominance of hyperkinetic phenomena.
All The period of intoxication varies from one-half to several hours according to the amount of bulbocapnine injected. Larger amounts are tolerated when the drug is given in divided doses and the catatonic state is thus maintained for a longer period than when the same amount is given in a single dose. As long as the moderate doses are not exceeded, the immobilization tends to be more stable as the size of the dose is impressed.
Although it had been suggested that similar reactions might be obtained from the administration of sedative drugs the responses were in no way comparable to those of bulbocapnine. A few of these experiments are reported in order to indicate the contrast? These experiments show that sedative drugs in small doses pro duce drowsiness and sleep and in large doses they cause disturbances of equilibrium and ataxia and hyperexcitability, hypertonicity, spasms, tremors, convulsions or the hyperkinetic phenomena characteristic of large doses of motor excitants. From these experiments it appears that harmin hydrochloricum injected subcutaneously in small doses causes drowsiness and lessens the general activity. Larger doses produce generalized tremors, cause hyper-excitability, hypertonicity and spasms of the muscles and finally tonic-clonic convulsions. It appears then that certain doses of cannabis indica cause the animal to become drowsy, less active, rather indifferent to natural enemies, and to lose desire for food and drink. A sluggish, undernourished cat maintained awkward postures for a short time and another cat while profoundly intoxicated manifested drooling. When sleep occurred it was fitful and the animal tended to waken with a start. The more profoundly intoxicated cats and one dog showed disturbances of equilibrium, swaying movements on standing or walking, ataxia and action tremors of the extremities.
CANNABIS INDICA EXPERIMENTS*
When the reactions to cannabis indica are compared with the loss of motor initiative, drooling and catalepsy induced by injections of bulbocapnine it is evident that catatonic like reactions are only occasionally and imperfectly obtained with cannabis indica. Negativism and the striking hyperkinetic phenomena of bulbocapnine intoxication were not elicited by cannabis indica. In addition the responses to a given dose of bulbocapnine per unit weight of animal are almost constant.
MESCALINE EXPERIMENTS*
This communication would be obviously incomplete unless some reference was made to the recent experiments of de Jong with mescaline, adrenalin and cholin. The action of meskaline on human beings has been rather thoroughly studied by a number of investigators and an interesting summary of our knowledge of this form of intoxication has been presented by Buchanan. 1~
In many respects the intoxication by mescaline gives rise to peculiar dreamlike states like those induced by cannabis indica. It is well known that a person intoxicated with cannabis indica may suddenly feel that he has stepped out of his body and that he is floating through space. He becomes two personalities, the one sitting coldly and objectively observing the other through a haze of unreality. Time becomes infinite and the sense of the relative distance of objects is greatly distorted. Mescaline induces a peculiar state of passivity, a condition of ideal contentment with an actual decrease in motor activity and an increase in the intensity of sensations. The sensory disturbances are usually in the form 10. Buchanan, D. N. : Meskalinrausch, Brit. J. Med. Psychol., 9:67. * Mescaline is an alkaloid obtained from anhalonium lewinii, "a small cactus plant used for centuries by Mexican Indians for medical and religious purposes. of mobile, highly colored and multiple visual illusions and hallucinations. Familiar objects appear lilliputian in size and there is an accompanying feeling of curiosity and amusement.
Buchanan reports that an injection of 5-10 minims of a one per cent solution into small vertebrate animals is followed by hyperexcitability, paralysis and toxic rigidity. The cat reacts with photophobia, increased salivation, stupor and an ataxic gait. It remains in any given position and reacts to certain stimuli by a momentary explosion of generalized incoordinated movements.
De Jong has experimented with certain mammals, frogs and fishes and has obtained results 11 similar to those of bulbocapnine intoxication. After the injection of from three to six mgm. of mescMinum sulfuricum into mice he observed gradual reduction of motor activity without paralysis, a posture of generalized flexion, passive and active negativism and a somewhat less active catalepsy than that of bulbocapnine intoxication. With still larger doses hyperkinetic phenomena begin to appear. The mice begin to run and jump on being touched. They finally fall down and continue to make running movements with their legs. Maximum doses produce convulsions, biting of the tongue and incontinence. Similar phenomena were observed in cats when the dose was increased to about 75 mgm. but in addition they were inclined to hide in corners or under the table, they maintained a distant, fixed gaze, they appeared anxious and they struck at apparently hallucinated objects. It was necessary to give 270 mgm. of mescaline to a monkey weighing 2 89 kgm: before similar but more fully developed manifestations of catatonia appeared. After the injection of equivalent doses of meskalin, pigeons reacted with vomiting and negativism but frogs merely became less active, had convulsions and died.
It is improbable that catatonic phenomena could be induced with safety in humans by means of mescalin since ForsteV 2 has found that a dose as large as 800 mgm. appears to be dangerous to life. Such a dose is only a fraction of what would probably be necessary to induce experimental catatonia. 
ADRENALIN EXPERIMENTS
The experiments with mescalin are of special interest because this drug is related chemically to adrenalin. De Jong experimented first with two intermediate substances, hordenin and tyrarain, but was unable to induce catatonic phenomena. The reactions to certain doses of adrenalin, however, place it among the growing list of toxic substances whose properties are contributing to our knowledge of human catatonia.
Catatonic phenomena were observed following the injection of 1-10 ccm. of 1-1000 adrenalin solution into a mouse weighing 10 gin. and also after the injection of 2 ccm. of 1-100 adrenalin solution into a cat weighing 3~ kgin. The reactions were similar to those obtained with bulbocapnine injections but not quite as complete. Two injections of 5 mgm. of adrenalin, with an interval of one-hMf hour between the injections, induced in a monkey weighing 2.6 kgm. a succession of sleep, universal flexion posture, "crucifixion posture," and a state of immobility in which an interrupted climbing movement was maintained. The duration of these catatonic phenomena was similar to that obtained with bulbocapnine injections.
CHOLIN EXPERIMENTS
Similar experiments with thyroxin, pituitrin, a gonadal hormon and insulin failed to elicit catatonic phenomena but in his search for other substances involved in human metabolism de Jong discovered that a derivative of the intestinal hormon, cholin, also had the property of inducing catatonic phenomena. By injecting 1/~ mgm. of acetylcholinchlorid into a mouse weighing 14 gin. he obtained reduction in motor activity, catalepsy and negativism. A similar response with the addition of lachrymation and salivation was obtained when 5 mgm. of acetylcholinchlorid was injected into a cat weighing 2~ kgm. While each was in a catatonic state thus induced a cat and a mouse were brought together until their heads touched. At first the cat withdrew its head and after each animal had remained motionless for 20 minutes the cat suddenly seized the mouse and then held it for five minutes apparently unable to continue with the act of devouring it.
Finally, a note has been made of the discovery by one of de Jong's associates, J. Freud, that catatonic phenomena may be induced in certain mammals by means of a phenol extract of the urine from normal man. This kind of research is still in its infancy and undoubtedly many other substances will be found which have the property of inducing catatonic phenomena.
Discussion
With the discovery that catatonia phenomena may be elicited experimentally when any of a number of toxic substances are introduced into the bodies of the more highly developed animals it is desirable to inquire a little further regarding the nature of catatonia. When so many different factors are involved in its genesis it is improbable that a complete understanding will be obtained unless all aspects of this problem are considered.
Some clue as to the neuro-physiologic component of the catatonic syndrome may be obtained from the numerous studies of neuro-pathological conditions, especially those involving the extrapyramidal system, in which catatonic phenomena are observed. The great variety of conditions under which these manifestations have been observed tends to minimize the importance of psychogenic factors in the particular cases studied.
For many years Kleist and his pupils, following the lead of Wernicke, have been calling attention to the psychomotor disturbances associated with lesions of the basal ganglia., is The whole subject of the relationship of schizophrenia to epidemic encephalitis ha~ been thoroughly reviewed by Jelliffe 14 and although different interpretations may be placed upon the material which he presents it is unnecessary to do more than refer to it here. Whenever a comparison is made with schizophrenia there seems to be a tendency to ascribe the similar manifestations of epidemic encephalitis to lesions in the basal ganglia. ~ Lesions in the same region have also been held responsible for the Parkinsonian syndrome sometimes associated with cerebral arteriosclerosis. 16 The catatonic motor syndrome which sometimes follows carbon monoxide poisoning has been ascribed to lesions of the corpus striatum ~7 but thorough studies of the functions of this region 18 do not justify such precise localization of lesions giving rise to the catatonic syndrome.
In view of the complexity of human catatonia it seems unlikely that a full comprehension of this illness could be obtained merely from the correlation of clinical manifestations with lesions found in the brain. However, when lesions are correlated with the functions of systems according to their phylogenetic age such studies are more in harmony with modern psychiatric conceptions of catatonia. It may be that the conception of disorder of certain levels of cerebral function as suggested by Orton ~9 is more directly related to the understanding of catatonia than is generally accepted. In these experiments there was much evidence of the stratification suggested by him as there was a progressive loss of function beginning with that which is phylogenetically more recently acquired. As the intoxication became more profound the inhibitory function of the cortex was in large part lost and motor control was relegated to the more primitive extrapyramidal system and more particularly to the basal ganglia.
Some of the earliest manifestations of bulbocapnine intoxication are reduction of motor activity, drowsiness, and a kind of sleep. As the intoxication becomes more profound these changes are followed by the more obvious catatonic manifestations. These observations are especially interesting when considered in relation to a case of narcolepsy with catatonic stuporous phases presented by Milleff ~ who feels that there is a neuro-physiological relationship between sleep, hypnosis, narcolepsy and catatonia. In modern psychological language these states represent different degrees of regression.
Somewhat closely associated with this concept of catatonia as a regression is the suggestion by Kempf 21 that the catatonic state is a "vicious circle of affective adaptation, followed by and retroactive with metabolic change." He calls attention to the fact that the catatonic form of respiration is usually characterized by shallow, abdominal breathing similar to that observed in hibernating animals and also in the autohypnotic adaptation of primitive people when confronted with starvation. It is at least plausible that when a human being can no longer make adequate adjustment to his environment through the use of that part of his nervous system phylogenetically most recently acquired he resorts to a mede of adaptation in which the hibernating capacities of the "respiratory circulatory segments" provide an escape from the distressing and dominating realities of life. Under such circumstances we may expect to find the metabolic changes which accompany the state of hibernation and the presence of substances in the body fluids which interfere with the function of the cerebral cortex.
Additional clues to the understanding of catatonia are found in therapeutic experiments. In 1921 Berger 2~ reported that he had interrupted temporarily the catatonic stupor of eight pateints by means of cocain in ,doses varying from 25 to 50 mgm. Three patients whom he was unable to influence in this way had been ill respectively for 8, 11 and 24 years.
Waltz ~3 reports a similar reaction elicited by means of intramuscular injections of 1,/2-1 mgm. of scopolamine hydrobromide. A catatonic patient who would not eat or void and who was generally very difficult to manage repeatedly became communicative and ate and voided spontaneously. This favorable response appeared about one-half hour after the injection and then after a 24 Following the intravenous injection of 7 to 10 c.c. of this drug catatonic patients responded with manifestations of decerebrate rigidity. The same experiment was performed with other psychotic patients including two with a postencephalitic Parkinsonian syndrome. Except with the catatonic patients the usual narcotic effect of this drug was observed. No suggestions were given as to the cause of this different reaction on the part of catatonic patients.
The recent experiments with sodium cyanide, sodium amytal and with carbon dioxide 2~ inhalations are especially interesting not only because of the suggestion of therapeutic possibilities but also because of the additional information obtained regarding biochemical changes in catatonic states. It has been observed that when relatively small percentages of carbon dioxide are breathed there is a marked dilation of cerebral vessels. It may be assumed therefore that this vascular response to a temporary state of acidosis is related to the observed increased mental activities of catatonic patients in whom a state of acidosis has been induced.
While it is probable that slight changes in the acid base equilibrium accompany psychotic reactions, and especially the acute catatonic, such changes are undoubtedly merely a part of a much greater complexity. Nevertheless it has been observed that a high percentage of schizophrenic, and melancholic patients when tested with two per cent carbon dioxide inhalations show a diminished excitability of the respiratory center ~6 and such a response to disturbance in the acid-base equilibrium must be considered in a study of personality changes at the physiological level of integration.
At this level of integration there appear to be regressive changes just as at the psychological and moreover the physiological and psychological regressions are probably concomitant. In this communication experimental evidence has been presented indicating that the action of certain known toxic substances upon the higher animals causes a physiological regression in which there is a gradual loss of function of the more recent phylogenetic acquisitions of the nervous system. The fact that inhalations of carbon dioxide interrupt bulbocapnine catatonia as well as the human catatonia seems to permit greater emphasis being placed upon the toxic factors in catatonia. The more favorable response obtained from acute catatonic patients to injections of cocain and sodium amytal as well as to carbon dioxide inhalations suggests that permanent changes in the function of parts of the nervous system ensue when the toxic factors in catatonia are active over a long period of time.
I have learned from experiences in trying to report experiments of this kind that there are some whose interests lie in other channels who remain skeptical regarding the reproduction of the catatonic motor syndrome experimentally by means of relatively simple toxic substances. There are always some suggestions that the reactions were in part at least hypnotic. A comparison of the interesting experiments performed by Coriat ~7 with those reported in this communication shows clearly that hypnosis played no role in my experiments. Coriat experimented with crayfish, frogs and guinea pigs, By abruptly throwing the animal on its back and sometimes holding its legs firmly in unnatural positions he was able to produce a state of catalepsy in which the animal remained motionless and rigid. This so-called cataleptic state persisted for a few minutes at the most and only in the presence of the experimenter. The phenomena appeared and disappeared abruptly and were most readily elicited in the crayfish. In other words the lower the animal is in the scale of evolution the more easily can the motionless state be evoked. The reaction was obviously due to fear and was a form of death feint to which so many animals owe their survival. In my experiments nothing was done to the animals except to administer the toxic substance and then observe the various reactions. There was no immediate effect, the phenomena appeared gradually, reached an acme and then gradually disappeared. This happened regularly without any relationship to the presence of the experimenter or other possible hostile being. Moreover, the catatonic reactions were most fully developed in mammals and were not obtained in animals devoid of a neo-cortex.
It is not my intention to minimize in any way the importance of psychogenic factors in human catatonia but rather to present evidence of toxic factors in acute catatonia. Complete clinical histories show that practically all schizophrenic patients at some time during the illness present catatonic manifestations and therefore to the extent that toxic factors are involved a large proportion of the mentally ill are affected. Until we learn how to ~lea] with the physiological component of this illness the patient will continue to be almost inaccessible through psycho-therapeutic channels. We are now able to interrupt a catatonic stupor long enough to learn the trend of thought and feeling and to learn that the patient feels relieved when he can again make contact with reality.
There is no longer any occasion to discuss whether or not this illness is organic or functional. It is impossible to escape the evidence of both psychological and metabolic changes to a pathological degree and there are suggestions that morbid physiological changes in the more recently acquired parts of the nervous system tend to become permanent. Progress has already been made in the direction of dealing effectively with this illness in its acute phase but the problems involved extend far beyond the limits of psychiatry and the cooperation of experts in many other scientific fields is necessary before a solution may be obtained.
COI~CLUSIONS
Catatonic motor phenomena may be elicited experimentally in the higher animals solely through the administration of any of several different toxic substances of which bulbocapnine seems to be the most effective. Some of these substances are products of human metabolism. As the state of intoxication thus induced increases there seems to be loss of function of the most recent phylogenetic acquisitions of the nervous system. In other words there is an interference with the function of the cerebral cortex and dominant action of the extrapyramidal system, particularly of the basal ganglia. There is therefore a regression at the physiological level of integration and it is probable that in man this regression is concomitant with the regression at the psychological level.
